86
In the present study, the fabrication of metallic surfaces with tunable roughness and 87 controlled structures is reported using the dealloying method. The procedure for fabrication 88 of metal-semiconductor hybrid nanostructures was achieved by means of self-assembly 89 techniques, and the importance of the metallic surface morphology for PL enhancement is 90 illustrated. Furthermore, this physical study expanded to develop a highly sensitive metal-91 semiconductor hybrid nanostructure for the detection of influenza virus (Fig. 1) . 
Topographic observation and spectroscopic studies of NPGL films

141
Topographic images of the NPGL surfaces were obtained using atomic force microscopy 142 (AFM, diInnova, Veeco, USA) and scanning electron microscopy (SEM, S4700, Hitachi
143
High-Technol. Co., Minato-ku, Japan). SEM images showed that the pore sizes of the substrates varied depending on the 176 dealloying times (Fig. 2a-d) . The size of the pores and ligaments increased with longer 177 dealloying times due to increased removal of the less-noble constituent (silver) of the alloy. (Fig. S1B ).
Detection of Influenza virus by rapid influenza diagnostic test (RIDT)
202
Indeed, PL enhancement of QDs on metal surfaces was observed. Fig. 3A shows that the 203 higher roughness the higher PL enhancement; e.g., the emission intensity of QDs on NPGL05
204
(R rms = 127.1 nm) and NPGL60 (R rms = 42.8 nm) was 9-and 2-fold higher than that on a glass 205 substrate, respectively (Fig. 3A) . When QDs were deposited on the metal surface without a 206 spacer layer, no PL intensity was observed, rather quenching dominated. This remarkable PL (Fig. 3C) . In contrast, the lifetime of CdTe QDs on glass slides was 219 7.42 ± 0.37 ns. In particular, the short dealloying time generated ultrafine structures that are 
Immunoassay of HA on NPGL05 and QDs
237
It is known that HA, a surface glycoprotein on the surface of viruses has unique immune- (Fig. S2D) .
251
Then the same experiments were carried out to scrutinize any influence of binding 252 affinity when cysteamine capped QDs were conjugated with anti-HA Ab (ab66189) using 253 recombinant influenza H1N1 HA (New Caledonia/20/1999) (Fig. S3A) , resulting that 254 cysteamine capped QDs were successfully conjugated with the antibody (Fig. S3B and C) . In 255 fluorescence microscopic image, the aggregated and brighter spot might be virus deposited 256 part on the film (Fig. S3D) . The detection procedure consisted of three steps-(i) binding of with the NPGL substrate. In our experiment, 3 times higher PL intensity was monitored in the nanostructure of the antibody-functionalized NPGL than that without the NPGL, where 10 265 µg/mL of HA were added in each experiment (Fig. 4A) . In the quantitative analysis using 266 different concentration of HA, PL intensities were logarithmically correspondent on HA
267
concentration in the range of 1 ng/mL to 10 g/mL (Fig. 4B and the insert) . However, there 268 was no significant PL change without any addition of HA or in the addition of BSA. 
273
The error bars indicate SD in each measurement. 
Immunoassay for virus detection
275
After confirmation of HA monitoring using this novel sensing system with NPGL and Furthermore, a logarithmical relationship existed between PL intensities and the virus 281 concentration in the range of 1 ng/mL to 10 g/mL (Fig. 5B) . NPGL05 and QDs was also confirmed using ELISA (Fig. S4) . Then, the sensitivity of 
Detection of influenza virus using rapid influenza diagnostic test (RIDT)
298
A commercially available RIDT kit (ImunoAce Flu, TAUNS Lab. Inc., Numazu,
299
Shizuoka, Japan) was used for comparison with our sensing system to diagnose influenza 300 virus infection using the influenza virus A/Yokohama/110/2009 (H3N2). RIDT, at least 5000 PFU/mL of virus were required for detection, which means the limit of 303 detection (LOD) of the influenza virus detection using our sensing system of NPGL-QDs was 304 100 times more sensitive than that of the commercial RIDT (Fig. S5 ). This study
305
Note: + and -denote positive and negative diagnoses, respectively.
308
In this study, a new detection method on metallic surface based on exciton-plasmon 309 interaction was presented. In particular, the research of centered on the development of robust 310 rough metallic surfaces that would be used for the generation of high efficient optical device for biosensor applications. Many implications for medical take care require low detection 312
system. An important goal here was to improve detection limit with high sensitivity. is not attainable using our technique up to now, which will be included in future work. 
